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10 JUcepTalMOHEH TP/ 3a MpuaoOuBaHe Ha 00pa3oBaTe/iHaTa U HayuHa CTETEH ,,JJOKTOP® 10
npopecronanto Harnpasienue 4.1 Ousnyecku HayKu, Hay4Ha crenuantoct ,,dusuka Ha
BBIHOBUTE Tporieck™, ¢ aBTop Jlunus [Inamenosa AHrenosa, peioBeH AOKTOPaHT B MHCTUTYT
10 eJNeKTpoHuKa ,,Akaj. Emun Jlxaxkos®, bBAH

Tema Ha qucepTanMoHHus TPYA: ,,[lonoOpsiBaHe Ha MeXaHM3Ma Ha KJIE€ThYHATA IMHAMMKA Ype3

CeJIEKTHBHA MMKPO-, HaHO-MOAM(UKalMs Ha OuoOMaTepuany 3a NPUIOKECHHE B THKAHHOTO
HUHXEHEPCTBO™

Hsroreua cranosumero: Credan [[BetanoB Bbikos, noueHT A-p B MHCTUTYT MO €J1€KTPOHKKA
Axan. Emun IIxakos™, BAH

JlucepralOHHUST TpyA, o3ariaBeH ,JlomoOpsBane Ha MexaHM3Ma Ha KJEThYHATa
JIMHAMHUKA 4Ype3 CEJEKTUBHA MUKpO-, HaHO-MoauduKanus Ha OuomaTepuasu 3a NPUJIOKCHUE B
THKAHHOTO MH)KEHEPCTBO® € CHhCTOM OT CIIMCHK HA HAKW-YECTO M3MOJI3BAHUTE OOO3HAYCHHUS U
CbKpAILlEHUs, YBOJ, YETHPU IJIaBU, KOMTO c€a pasnpelelieHd B JIBa OCHOBHM pasjefa —
JAUTEpPaTYpeH 0030p M eKCHepUMEHTAlHa 4acT, 3aK/II0YEHHEe, OCHOBHU MPUHOCH, CIMCBK Ha
nyGIMKaLMKUTE, CIMCHK ¢ U3MoN3Banara uteparypa. Hamucan e a 192 ctpanuim, chabpxa 485
JUTEPATYPHU U3TOYHUKA.

Hacrosiara aucepranusi € GOKycupaHa BbpXy pa3pabOTBaHETO HA NOPbO3HU KIETHYHU
MaTpuiy, 0a3upaHy Ha MOJMMEPHU MaTepuaiy, 4pe3 PEMTOCEKYH/IHO Ja3epPHO CTPYKTYPUPAHE
3a NOTEHLMAIHH IPAKTUYECKH IPUJIOKEHUSI B ThKAHHOTO MH)KEHEPCTBO HA MYCKYJIHH M KOCTHH
THbKAaHU, KAKTO M 3a pa3paboTBaHeTO Ha HHTepdelicu MeXIy TbhbKaHUTe Ha PELUNHCHTa M
BBBEICHNUS B OpraHu3Ma My UMILIaHT. B KOHTekcTa Ha HEMPEKBCHATHS CTPEMEIK 3a Pa3BUTHE M
Ho00psABaHE HA KAUeCTBOTO HA YOBEMIKMS JKMBOT, IMOJy4aBaHETO Ha HOBM MaTepuanu 3a
ChBpeMeHHaTa OWOMEIWIMHA MPEJCTaBIsiBa BCE MO-TOISIM HHTEPEC 3a ChBPEMEHHATA
uHIycTprs. [Ipes mocieTHUTe TOANHN, THhKaHHOTO WHKEHEPCTBO C¢ YTBBPIKIaBa KaTo OCHOBEH
METOJT 3a 3aMecTBaHE Ha THKAaHW W OpraHW IpHU pa3jWyHU HapaHsABaHWsS, KaTO BPEMEHHHUTE
KJICTBYHM MATPUIM, KOUTO ca 0GasupaHu Ha OHOCBBMECTMMH M pasrpajiuMu OHOIOJMMEpH, Ce
SBABAT OCOOEHO MEPCIEKTUBHHU 33 pereHepanis Ha OOJIHM MEKM U ONOPHHM ThKaHW. B To3n pen
HA MUCJIM, pa3paboOTBAHETO HA TAaKMBA MATPHUIIM, KAKTO U TSXHOTO ONTUMMU3UPAHE 38 KOHKPETHH
MPUJIOKEHHUS], CBBP3aHU C MOJEIUPAHETO HA MYCKYyJHATa W KOCTHA ThKaH 4Ype3 METOAMTE Ha
GeMTOCEKYHIHOTO ~JIa3epHO CTPYKTypuUpaHe, € IEepPCICKTHBHA HAy4HO-H3CIIEI0BaTe/ICKa
TeMaTKKa, KOeTO paBy padoTara 0 JUcepTauusTa 0COOCHO aKTyaHa.



B I'nmaBa mbpBa ca pasrieJaHd OCHOBUTC HAa KOCTHaTa M MYCKyIHara TbKaH, IIO-
CIEMATHO TSXHATA PereHepalus ciej TpaBMmu, OonecTd u crapeene. CrnenuanHo BHUMAHUE €
00BPHATO HA MATEPUATATE, KOUTO CE H3MO0JI3BAT B ThKAHHOTO MHKEHEPCTBO B KAYECTBOTO MM Ha
aNTepHATHBEH METOJl 3a pEereHepalysTa Ha HapaHEHW ThKaHW. B jerainn ca pasriie/laHu
MOJIMMJIeYHA KHCEIMHA M KOIpuHeHus: GUOpOUH, KOUTO Ca M3IOJI3BaHM 3a IIOJYy4aBaHETO Ha
BpEeMEHHNTE KJIETBUHM MATPHIM 32 TPUIOXKEHUs B THKaHHOTO WHXXEHEPCTBO Ha KOCTHA M
MYCKYNTHA ThKaH. [Ipe/IcTaBeHN ca 1 OCHOBHMTE METO/IM 32 MOJIyYaBaHe Ha MOPHO3HYU MATPHIIH.
Bropa riaBa, KOATO CBLIO € YacT OT JUTEpaTypHus 0030, NPeCTaBsi OCHOBHUTE MEXAHU3MHU Ha
B3aMMOJCHCTBUE HA (PEMTOCEKYHIHOTO JIA3€PHO JIbYEHME ¢ OMOCHBMECTUMMTE MaTEpHAIH,
KAKTO ¥ OCHOBHHTE MPOLIECH, KOMTO HACTBIBAT 110 BPEME Ha B3aMMOJCHCTBUETO HA JIa3€PHOTO
JTBUCHHE ¢ BEIIECTBOTO. B jeTaiinm ¢ pasriefano GeMTOCEKYHIHOTO HAHOCTPYKTYPHUPAHE € LeI
000pPsIBAHETO HA KJIEThYHATA /[Xe3Hs, KAKTO M OpUEHTALMs 1 AUDepeHIIHAIKL. [IpencraBeHo
e ¥ BIMSIHMETO Ha TeoMeTpuyHara Gpopma 1 pazvMepu Ha GOpMUpAHHUTE IOBBPXHUHHU CTPYKTYPH
ype3 Na3epPHOTO HAHOCTPYKTYPHPaHe BHPXY BB3MOXKHOCTITA 3a IIONy4aBaHe Ha PCIICICHTHHU
CTPYKTYPH M aHTHOAKTEPUAIHU NOBBPXHOCTH, a CBIIO TaKa U 3a Ch3[aBaHC HA KJICTHUHO-
MHTEPAKTUBHI/AIXE3MBHI  WMIUIAHTHH ~ TOBBPXHOCTA.  EKCrepuMeHTanHara — 9acT — Ha
JWcepTaIUATa € MPeCTaBeHa B TPEeTa M YeTBLPTA IyaBa. Tasm wacT 3amovsa ¢ ONMpEeeNsHe Ha
[eJIuTe W OCHOBHWTE 3aj1adm. TpeTa riiaBa IpeJCcTaBs OCHOBHHUTE MaTepHalld, M3IOJI3BaHN 32
T0JTy4aBaHe Ha KJIETHYHATE MATPUIM ¥ METOJOJIOTUATA Ha TAXHOTO CUHTE3UpaHe. B neraiinu e
nmpejicTaBeHa (PEMTOCEKYHIHATA JIa3epHa anaparypa, U3MOoi3BaHa 3a NOBbPXHUHHOTO JIA3EPHO
cTpyKTypupane. MeroauTe, M3MON3BaHM 3@ KAYCCTBEHO M KOJMYECTBEHO MOP(OJIOrUYHO U
XUMUUYHO XapaKTepU3MpaHe Ha MpobuTe, ca CHIIO MPEACTABEHM B Tasu riasa. B ['naBa 4 ca
OMWCaHW M JUCKyTUPAHW OCHOBHUTE pE3YJITaTH, MOJY4YCHH B JUCEPTALMOHHHS TPYI.
ONTMMU3MpaHK Cca MapaMeTpUTe Ha Jla3epHaTa NMOBbPXHUHHA MoxuduKauus. Pesynrarute ca
PeJCTABEHH B JBE OCHOBHM HANpaBlIeHus — paspaborane Ha 2D KjeTbuHa marpuua Ha
OCHOBATA Ha IOJMMICUYHA KACEJIMHA 32 IPUI0KEHHE B ThKAHHOTO HH)KCHEPCTBO HA KOCTH, KAKTO
u paspaGoTBane Ha 2D KIeThUHA MaTpuua 3a NPUIOXKECHHE B MYCKYIHOTO THKAHHO
MIDKEHEPCTBO HAa OCHOBATa Ha KONpPUHEH puOpoOuH.

Karo pesyarar or usBbpluieHata pabora e pa3zpaboTeHa HOBa METOJAOJOrMs 3a
nojyyaBaHe Ha OMONOJMMEPHM TBHKM CJIOE€BE Ha OCHOBaTa Ha ¢ubpoun, xakro u 2D
[NOJMMEPHU MaTpulyd Ha ocHOBAaTa Ha NnoJiuMJIedYHa KHUCEJIMHA. Ha 6azara Ha cUCTEMATUYHO
OIITUMHU3UPAHE Ha TEXHOJIOTUYHHUTE TMapaMeTpu Ha JJa3€pHOTO JIBUEHHE Ca IMOJIYYCHHN
BB3IPOU3BOAUMHA HOBLpXHHHﬁII XapakTepUCTUKM M HepapxXxuyHa  CTPYKTypa  Ha
GI/IOHOJII/IMepHI/ITe MaTepuain. I[OKa?)aHO c, qe npujiaraHeTo Ha OOIIBJIHUTCIIHO
HaHO(bYHKHI/IOHaHI/I'}»I/IpaHe Ha BpPEMCHHH KJIETBbYHMU UMIIJIAaHTH BOAU O HOI(OGpSIBaHe Ha
aJXE€3UBHUTE MM KadyecTBa M CBHBOTBETHO NPUITIOKEHUETO HM KaTo 6HO-HHTCp(1)€fICPI MCXIAY
ThKaHUTE HA pelUNueHTa W uMIIanTa. Ha Oasara Ha GUOJIOTHYHA OLIEHKAa Ha Pa3pabOTEHUTE
BpPEMCHHU KJICTBYHH MOJIeJIM Ha KOCTHara M MYCKYyJIHa TbKaH € pa3pa60TeH ONTUMHU3HPAH
pacTepeH MOJEN Ha Jia3epHO CKaHWPaHE, choOpasen ¢ mopdosorusata U (Qu3MoNOrUiTa Ha
KJIETHUHUTE JMHUU. PazpaboTeH € [u3aiiH Ha KICTbYHUTC MATpUIld, Chb3JaJCHH Ha Gaszara Ha
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OPHO3HKTE OMOMONMMMEDH, WMMAIl BHCOK MOTEHLMan 3a ObACIU NPUIOKEHUA B in Vivo
pereHepanuaTa Ha HedyHKUMOHMpALIM U HapaHeHu ThKaHu. JlebuHupanute OT JucCEpTaHTIKaTa
IIPMHOCH, TaKa KAKTO ¢a HPEJCTABEHH B JMCEPTALMOHHUS TPYJ, HAMUPaM 3a OpUTHHATHU H
ABTCHTHYHU M HAIIBJIHO CHOTBETCTBAT HA NIOCTABCHUTE TSN 1 3aa4H.

Pesyiratute, KOUTO ca NOJTydYeHH B PAMKATE Ha JMCEPTALUATA ca MyOIMKyBaHU B 00110
Tpu cratuu. JIBe OT TSX ca B crnucaHuero Polymers, KOeTo mMa nmmnakT-¢paxrop 4.7 3a 2023
roxwuna 1 kBaprtan Q1. Tperara e my6nukysana B crucannero Journal of Physics: Conference
Series mmarno nmmakT-panr 0.18 3a 2023 rommHa. Tasu myOnvkanmoHHa aKTUBHOCT HAITBJIHO
nokpuBa m3nckpanusita criope 3PACPB, kakro u Te3n Ha VHCTHTYTa 1O €JIEKTPOHMKA KBM
Bwarapckara akajemusi Ha Haykute. DakThT, 9e JUCEPTAHTKATa € MBPBU aBTOP B JBE OT TAX
HEJIBYCMUCJIEHO TMOKa3Ba HEHMs JIMYEH NPUHOC, KaKTO B HAYYHO-M3CIIElOBATElICKaTa M
eKcIepruMeHTaHa paboTa, Taka U IIPU TIXHOTO HAmMcBaHe W mybnukysane. B mpencrapenute
MH JOKYMEHTH HE BHJIAX CIUCHK C IUTHPaHMs Ha MyONMKALMUTE BbB BPb3Ka C AMCEPTALATA,
HO HampaBeHaTa OT MEH MpOBEPKa B cucreMara Scopus OT jara 05.09.2024 r. mokasa, 4e
craTuuTe Bede mMar obmo 11 He3aBUCMMH LMTUpAHUS, BBIPEKU uye ca HyOIuKyBaHU [pe3
[IOCJIeIHUTE JBE TOoJMHU. ToBa JOMBIHUTENHO IOJYEPTaBa aKTyalHOCTTa Ha TeMaTHKaTa Ha
JUCEPTALMOHHUS TPY/.

ABTope(depaThT € HamucaH TOYHO U sicHO. OTpassiBa KOPEKTHO OCHOBHHMTE PE3yITaTH U
IPUHOCH, KOUTO Ca MOJIyYeHH B JUCCPTALHOHHUA TPY .

HI/IcepTaLlI/IﬂTa € HamucaHa Ha sICEH C3HUK. Uete ce necHo. L[eJ'II/ITe M 3aJa4uTe, KaKTO U
3aKJIIOUYCHUsITA U IIPUHOCUTE, Ca (bopmymdpaﬂn SICHO.

[To3naBam mokTopadT Jluaus AHrenaoBa Karo BCEOTAAlHA U KOMIETEHTHA KOJNEKKA OT
Uuctutyra mo enextpoHuka kbM BAH. Pasrosapsiin cMe HEBEIHBK MO TEMHU, CBBP3aHU C
JUCEPTAlMOHHUs. TPY[, KAKTO W IO JPYTH HAy4HO-M3CJIENO0BATE/ICKH BBIPOCH. Nman cpM
BB3MOKHOCTTA Ja CAyllaM M HeilHM JOKIaau Ha MEKIAYHapolHu Hayunu Kondepexuuu. Ts
BUHAIU € M3KAa3Baia KOMIIETEHTHM M apryMeHTHpaHu MHeHus. HacTpoeHneTo u eHTycuasma, ¢
KOWTO Tl € MpEACTABsiIa Haif-HOBHTE HayuHM DE3yJITATH, TIOKasBar, 4e Ts pasOmpa OT TOBa,
KOETO BBPIIM ¥ WCTHHCKH My Ce Haclaxaasa. VIMCHHO TOpaay Ta3u NMPUYHHA, HACTOSINATa
3aIUTa € HAIlBJIHO OYaKBaHO chOMTHE 3a MeH. He Mora obaue jpa MOJMHHA ¥ 3aCIyTUTE Ha
MHOTOyBaXkaeMaTa HaydHa PhKOBOJHMTENKA JIOI. JI-p AnGena JlackaoBa. bes Helinara nojkperna
HsMalle KaKk Ja ce CTMTHe [0 Tasy 3ammTa. 1103BojisiBaM CH Ja M3pass Hai-IbIOOKOTO CH
yBa)KCHHUE 32 TOBA, Y€ € CBBPIIIIIA CBOATA paboTa IPOPECHOHATHO H OTTOBOPHO.

B 3akirouenue GUX MCKal Ja MOTBBP/Is, Ye TOCTABEHUTE B AUCEPTANOHHNS TPYI LEIH 1
3a/1auM Ca W3ITBIHEHH HA Hali-BMCOKO HAy4YHO HMBO. M3BBbpIlicHa € 3HAUMTEIHA 10 00eM Hay4HO-
W3clesoBaTeNcka pabora, Karo MOCTUTHATHTE PE3yJTaTH HaNbJHO IOKpUBAT, a JAAKE U
HaJ(BUINIABAT U3MCKBAHUATA 3a NOJ00CH TUI 00yUYEHHE.



CuuTaM, uye JUCEPTALMOHHUAT TPYyZ, o3arjaseH ,llomoOpsBane Ha MeXaHH3Ma Ha
KJIeThYHATA JUHAMHUKA 4pe3 CEJEKTUBHA MUKpO-, HaHO-MoauuKauus Ha Ouomarepuanu 3a
IPUIOKEHUE B THKAHHOTO WHXKeHepcTBO™, HambiHO oTroBaps Ha 3PACPDB, mpasuinnuka 3a
HETOBOTO TpHJIaraHe, KakTo W Ha BBTPEIIHUTE KPUTEpUH Ha MHCTHTYTa MO EIeKTPOHWKA KBM
BAH. Tlopamu Tasy MpUuMHA NpeUIaraM Ha MOYNTaeMOTO HAyYHO JKypH Jia TIpUChAK Ha JInmis
[namenoBa AHrenoBa oOpasoBaTelHaTa W HaydHA CTENEH ,,JJOKTOP® T0 TPO(eCcHOHAHO
Harpasienue 4.1. ,,Ou3ndecky HayKH' ', HayuHa CIIENHAIHOCT ,,PHU31Ka Ha BBIHOBUTE TIpoIecH .
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